Background Revision THA to treat recurrent instability can itself be complicated by recurrent instability, and when this occurs, this problem is difficult to treat. Some patients' THAs will continue to dislocate despite use of a constrained liner. One option in this difficult-to-treat group is conversion to a dual-mobility (DM) construct, but there are few data on this approach.
a constrained liner. One option in this difficult-to-treat group is conversion to a dual-mobility (DM) construct, but there are few data on this approach. Questions/purposes (1) What were the Harris hip scores in a small group of patients whose constrained liners were converted to DM constructs to treat recurrent dislocation? (2) What were the redislocation, rerevision, and DM construct retention rates in these patients? Methods We conducted a retrospective analysis of a longitudinally maintained institutional database maintained by individuals other than the treating surgeons to identify patients undergoing conversion of constrained liners to DM constructs in revision THA from 2011 to 2014. We identified 16 patients who underwent revision of dislocated constrained liners to DM constructs. Two patients died before 2-year followup, leaving 14 patients available for followup at a minimum of 24 months and a median of 37 months (range, 24-71 months). Indications for conversion to DM constructs included patients with dislocation of multiple prior constrained liners, patients with at least partial abductor functioning and soft tissue tensioning, and patients at very high risk for recurrent instability as an alternative to resection arthroplasty. Ten patients (10 of 14) underwent DM conversion at the time of cup revision, whereas four patients (four of 14) had a DM construct cemented into a preexisting cup. Median age was 65 years (range, 53-93 years). Median number of prior hip surgeries was five (range, three to 10) and seven patients (seven of 14) had dislocated more than one constrained liner. Results Harris hip score improved from a median of 57 (range, 55-67) to 84 (range, 68-96) postoperatively (p < 0.001). Three patients (three of 14) experienced a redislocation. Two (two of 14) of these patients were closed reduced and treated successfully nonoperatively; one (one of 14) patient experienced an intraprosthetic dislocation and underwent modular exchange. One patient (one of 14) underwent early resection arthroplasty for acetabular loosening after complex acetabular reconstruction. Overall, all other patients (13 of 14) retained a DM construct at final followup. Conclusions Conversion to a DM construct shows promise as a salvage option in high-risk, multiply operated on patients with dislocated constrained liners undergoing revision THA for recurrent instability. The ability to close reduce a dislocated DM construct
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Introduction
R erecurrent instability is a challenging complication after revision THA for instability [2, 10, 18, 19, 26] . A recent report indicated that cumulative risk of redislocation after revision THA for recurrent instability was 35% at 15 years [10] . There are multiple surgical options to address an unstable prosthesis including abductor repairs or reconstructions, conversion to hemiarthroplasty [15] , large-diameter femoral heads [1, 19, 26] , acetabular revision [18] , increased hip offset [18] , constrained liners [4-7, 9, 13, 19, 24] , and dual-mobility (DM) constructs [3, 8, 12, 16, 17, 20, 21, 24, 25] . One of the more commonly utilized techniques to treat or prevent recurrent dislocation, especially in multiply operated on patients with deficient abductor mechanisms, is constrained liners [4-7, 9, 13, 19, 23] . However, there are some inherent disadvantages with the use of constrained liners: limited ROM before prosthetic impingement and increased stress at the locking mechanism and at the prosthesis-bone interface [7, 9, 11] . This may lead to increased risk of liner breakage, intraprosthetic dislocation, or component loosening [9] . In high-risk patients undergoing constrained liner implantation for recurrent THA dislocation, as many as 31% of patients experience constrained liner dislocations [2, 4, 6, 9] . Furthermore, if a constrained liner dislocates, treatment almost always necessitates open reduction [22] .
Furthermore, there is little information on how to treat patients who have dislocated one or more constrained liners secondary to recurrent instability; resection arthroplasty may be the final and only salvage option [15] . To date, we are unaware of any studies analyzing the outcomes of revising a dislocated constrained liner to a DM construct as an alternative option to treat a patient with recurrent THA dislocations. Potential advantages of DM components include the biomechanical advantage of an effective largediameter femoral head to increase the jump distance and impingement-free arc of motion [1] . DM constructs provide an alternative method by reducing impingement-induced dislocations, a failure mode to which constrained liners are particularly susceptible. Moreover, not adding additional constraint, especially at the time of new acetabular component placement, theoretically reduces the risk of acetabular component loosening [7] . Finally, the potential ability to reduce a dislocated DM component without open hip surgery may be an advantage in these highrisk patients [16] .
We therefore asked: (1) What were the Harris hip scores in a small group of patients whose constrained liners were converted to DM constructs to treat recurrent dislocation? (2) What were the redislocation, rerevision, and DM construct retention rates in these patients?
Patients and Methods
After approval from the institutional review board, we identified 16 patients who underwent conversion of a dislocated constrained liner to a DM construct at a single tertiary care academic institution from 2011 to 2014 through an institutional total joint registry maintained by persons other than the treating surgeons. Through individual chart analysis, analysis of operative reports, and review of preoperative and postoperative radiographs by an individual not involved in the surgical treatment (BPC), 16 patients who had a dislocated constrained liner converted to DM constructs in revision THA were confirmed. Two patients died before 2-year followup, leaving 14 patients for analysis at a minimum clinical followup of 24 months and a median followup of 37 months (range, 24-71 months). Median age was 65 years (range, 53-93 years) and median body mass index was 28 kg/m 2 (range, 17-39 kg/m 2 ). Three patients (three of 14) had a previously diagnosed progressive neuromuscular disorder. Median number of prior hip surgeries was five (range, three to 10 surgeries). Seven patients (seven of 14) had dislocated more than one constrained liner secondary to instability ( Table 1) .
The decision to utilize a DM construct versus another prostheticstabilizing strategy was decided on by the surgeon after careful consideration of numerous factors including patient age, gender, activity level, number and type of prior hip operations, quality of the abductor mechanism as assessed by physical and radiographic examination, and the currently implanted components. In general, indications for conversion of dislocated constrained liners to DM constructs were (1) dislocation of multiple prior constrained liners with an attempt to reduce prosthetic impingement and impart a different mechanism of hip stability; (2) at least partial soft tissue tension and abductor mechanism present; and (3) salvage in extremely high-risk patients as an alternative to or last option before resection arthroplasty. A relative contraindication was the complete absence of proximal bone or an abductor mechanism, but conversion to a DM construct can still be considered in these patients who meet one of the aforementioned considerations.
All revision THAs were performed by seven surgeons experienced in primary and revision THA at a single academic center. The decision to utilize a DM component versus another prosthetic-stabilizing strategy was decided on by the surgeon after careful consideration of numerous factors including patient age, gender, activity level, number and type of prior hip operations, quality of the abductor mechanism, and the currently implanted components. The posterolateral approach was utilized in seven THAs (seven of 14) and the anterolateral interval was utilized in seven THAs (seven of 14). The last constrained liner in place at the time of failure included: six (six of 14) Trident® Osteonics constrained liners (Stryker (Fig. 1) when revision was needed to accommodate the DM construct (eight hips) or cup malposition was thought to be contributing to instability (two hips). Four patients (four of 14) underwent modular exchange with a cemented DM construct into a wellfixed cup (Fig. 2) .
Results
Harris hip score (HHS) improved from a median of 57 (range, 55-67) to 84 (range, 68-96) postoperatively (p < 0.001). Three patients (three of 14) experienced redislocation at 2, 6, and 30 months. Two (two of 14) of these patients, including one patient with progressive limb muscular dystrophy and one patient with Charcot arthropathy of the hip, were closed reduced and treated nonoperatively; neither patient experienced redislocation at 2 and 3 years postdislocation. One (one of 14) of these patients experienced a traumatic intraprosthetic dislocation with dissociation of the polyethylene liner from the femoral head. This was treated with modular exchange of the polyethylene liner and reduction; this patient had no further instability 2 years after dislocation. Two patients (two of 14) were rerevised at final followup. One patient (one of 14) with progressive Parkinson disease who underwent DM construct placement at the time of acetabular revision underwent resection arthroplasty for acetabular loosening and massive acetabular bone loss in the setting of a minimally ambulatory patient. One patient (one of 14) underwent irrigation and débridement and modular exchange of the DM construct for acute deep periprosthetic infection 5 months after revision THA; the patient retained the DM components without issues with instability or further infection. Thirteen of the 14 patients retained DM constructs at final clinical followup. There were no other reoperations.
Discussion
Recurrent instability remains a challenging problem after revision THA with a recent study reporting a 35% redislocation rate after revision THA for instability at 15 years [10] . In patients who have undergone multiple prior procedures, surgical options are limited. Constrained liners are an option for patients with recurrent instability in revision THA, but their results are mixed [4-7, 11, 13, 19, 23] . We recently reported a dislocation rate of 31% in such patients undergoing modular exchange with implantation of one type of constrained liner for treatment of recurrent prosthetic instability [4] . The goal of the current study was to analyze the HHS, redislocation, and the likelihood of component retention among patients whose dislocating constrained components were treated with DM constructs.
We acknowledge several limitations to the current study. First, there is a small number of patients with short-term (minimum 2 years) followup. More patients in this series may sustain redislocations if followed for a longer period of time. Furthermore, although all patients were high-risk patients who had sustained multiple dislocations and dislocated at least one constrained liner, the patient population, past constrained liners, and surgical treatment at DM revision (cup revision versus modular exchange) were nonuniform in this study. Because several surgical approaches including a repeat constrained liner and resection arthroplasty were utilized on patients with dislocated constrained liners during this timeframe, this case series is subject to selection bias. However, we recognize potential selection bias in these specific patients and have attempted to outline our indications for conversion of dislocated constrained liners to DM constructs. Finally, there is also the potential for assessment bias because some patients may have experienced complications and presented to an outside institution.
Mean HHS improved preoperatively from 60 to 85 at latest followup. Several studies have reported reliable results and outcomes with the use of DM constructs in primary and revision THA [8, 20, 25] . In a series of 36 patients undergoing revision THA considered at high risk for recurrent dislocation, Plummer et al. [16] reported improved HHS by a mean of 45 points with a final mean of 90. DM constructs utilized in revision THA can reliably improve patients' pain and functioning. Although there are no specific studies measuring patients' pain and function levels after resection arthroplasty to the authors' knowledge, we believe this clinical improvement and clinical function at final followup are superior to resection arthroplasty.
In this series, three patients experienced redislocations (three of 14). Two of these three patients had progressive neurologic disorders affecting the hip (Table 1) . However, only one patient (one of 14) underwent operative management of a DM construct dislocation; this was secondary to a traumatic intraprosthetic dislocation, a rare complication of DM constructs [14, 25] . All patients in this patient cohort who experienced repeat dislocation retained DM constructs. Simian et al. [20] reported a 1.4% dislocation rate in patients undergoing revision THA, mainly for aseptic loosening and without a history of hip instability, with DM constructs. In a study of 994 revision THAs for all indications, Wegryzn et al. [25] reported an overall dislocation rate of 1.5% and the intraprosthetic dislocation rate was 0.2%. Several reports indicate an up to 30% dislocation rate of constrained liners in multiply operated on patients at high risk for recurrent dislocation [4, 6] . DM constructs and constrained liners have different mechanisms to impart hip stability. In theory, constrained liners restrict the hip into the socket by prosthetic design in an attempt to compensate for deficient soft tissue tension. Large femoral head components such as DM constructs prevent impingement-induced dislocation by increasing impingement-free ROM and the jump distance [1, 8, 19, 26] . Although these failure modes are not always so discrete or mutually exclusive, it makes sense to attempt an alternative method of hip stabilization in the event of one or multiple failures of the other approach. To the authors' knowledge, this is the first study directly analyzing the outcomes of converting dislocated constrained liners to DM constructs. In this series of extremely high-risk patients, only one patient (one of 14) required revision for recurrent instability; that patient retained the DM construct 2 years postrevision without recurrent instability.
One of the purported advantages of DM constructs in this high-risk patient population, many of whom also have comorbidities that may predispose them to dislocations such as neuromuscular diseases, is the ability to close reduce and conservatively treat redislocations (Table 1) . Although there are case reports of closed reducing unbroken, dislocated constrained liners [22] , the majority of dislocated constrained liners either have broken locking mechanisms or cannot be closed reduced (Fig. 1) [4, 6, 7, 22, 23] . Plummer et al. [16] reported one dislocation and two cemented DM dissociations requiring revision at a mean of 2.4 years followup in 36 patients considered high risk for dislocation undergoing revision THA with DM constructs; similar to this study, the dislocation was closed reduced and successfully managed nonoperatively. Three patients in their series were revised for constrained liner dislocations, none of which redislocated. In patients at high risk of dislocation despite multiple failed surgical attempts to obtain a stable prosthetic hip, DM constructs not only allow enhanced stability, but also allow the option of treating repeat dislocations with closed reduction and bracing rather than necessitating urgent surgical intervention as is often the case in most dislocated constrained liners.
The treatment of recurrent instability after revision THA for instability remains a challenge, especially in patients with several risk factors for redislocation who have undergone multiple prior surgeries in an attempt to achieve prosthetic stability. Dislocation of constrained liners can occur in up to 30% of patients [4, 6, 7, 9, 23] and dislocated constrained liners typically result in urgent surgical intervention secondary to broken locking mechanisms and/or the inability to close reduce a dislocation. In this small, shortterm analysis, revision of dislocated constrained liners to a DM construct in these high-risk patients may represent a reasonable option of achieving prosthetic stability through a different mechanism. The option of closed reducing repeat dislocations in extremely high-risk patients with underlying neuromuscular disorders after multiple failed surgical attempts to achieve hip stability is attractive. Longer followup of this series and larger cohorts will be required to demonstrate the durability of this approach.
